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F O R E W O R D  
This quarterly report i s  submitted to the National Aeronautics and Space Administration, 
Lewis Research Center, by the Lockheed-Georgia Company in accordance with the 
requirements of NASA Contract NAS 3-7905. 
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1 SUMMARY 
This i s  the second Quarterly Progress Report on Contract NAS 3-7985, entitled, 
"The Effect of  Nuclear Radiation on Materials at Cryogenic Temperatures. 'I The 
scope of the test program as described in the first Quarterly Progress Report 
(NASA CR-54787, LAC ER-8231) has been amended to include irradiations of 
Aluminum 1099 to only 5 x 1015 and 5 x 1016 nvt (E>0.5 mev), and studies of 
the self annealing at various temperatures of irradiation effects observable by 
testing at 3 0 O R .  
Progress during this reporting period has consisted of: necessary preparation and 
some modifications of existing equipment, completed tensile test results from 
Titanium 55A and partial tensile test results from Aluminum 1099. 
The refrigeration system and other test equipment have performed very well, re- 
sulting in  unusually efficient use of available neutron flux during this reporting 
period. 
The flux mapping required by a new beam port gamma shield i s  complete. There 
i s  no significant change in neutron flux level due to the shield change. 
Temperature correlations and development of annealing temperature control methods 
are complete. 
The test loop alignment problem, discussed i n  detail i n  the first quarterly report, 
does not appear as serious with the loop to be modified for fatigue testing as i t  was 
with the prototype loop. Strengthening of the structural member of t h i s  loop i s  not 
required. 
Component parts of the new load control system have been delivered and wi l l  be 
installed early in the next reporting period. 
Progress during the f i r s t  quarter of Contract NAS 3-7985 was in  the form of necessary 
preparations and modifications of existing test loops with no actual test results. 
Progress during this reporting period (second quarter of Contract NAS 3-7985) has 
consisted of continued necessary preparations and modifications of existing equipment, 
completed tensile test results from Titanium 55A and partial tensile test results from 
Aluminum 1099. The pertinent information i s  reported in the following sections. 
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2 INTRODUCTION 
The combination of  a fast neutron and cryogenic environment encountered in 
the structural members of a liquid hydrogen nuclear rocket imposes service 
conditions dissimilar to those encountered in other engineering applications. 
Both fast neutron bombardment and exiretmely low iempeiotvre; affect the 
mechanical properties of engineering materials; therefore the magnitude of 
the combined effect must be determined to provide basic design information 
before materials for a reliable nuclear rocket system can be selected. Since 
the neutron irradiation effects wil  I spontaneously anneal even at low tempera- 
tures, tests to provide the desired information concerning the combined effect 
must be conducted with the specimens held at the temperature of interest during 
the entire irradiation and testing period. 
A screening program (ref. 1) was undertaken to assess the effect of fast neutron 
irradiation on selected engineering alloys at temperatures near the boiling point 
of liquid hydrogen (-423OF). Tensile tests on parallel sample sets of unnotched 
specimens for each alloy at room temperature unirradiatedpt 30"R (-430°F) 
unirradiated and at 30"R irradiated to 1 x 1017nvt (energies greater than 
0.5 MeV) were performed at the NASA Plum Brook Reactor Facility using a 
helium refrigerator and testing equipment specially designed for in-pile testing 
under control led temperature conditions. 
Test results from the screening program indicated that titanium alloys possessed 
the highest strength-to-weight ratio following exposure to the combined nuclear- 
cryogenic environment as well as being among the least susceptible to deteriora- 
tion of mechanical properties of the alloys tested. On the other hand, Aluminum 
1099 (99.99?? Aluminum) was found to be very sensitive to both irradiation and 
temperature of irradiation. 
Based on the information obtained from the screening program, an in-pile test 
program (see section 5) has been initiated to study in  greater detail the effects 
of a combined nuclear-cryogenic environment on the mechanical properties of 
metals. The objective of this program i s  to provide engineering data at higher 
flux levels and/or under different load conditions than heretofore attained at 
cryogenic temperatures as well as data for more fundamental studies. I ts scope 
consists of two general phases, tensile testing and low-cycle fatigue testing. 
The tensile testing phase includes irradiations at 30"R to 1018 nvt (P0.5  Mev), 
(1). References appear i n  section 7. 
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irradiations to 1017 nvt 
temperature (540°R), and irradiations to 1017 nvt 
lowed by specimen warm-up prior to fracture. The low-cycle fatigue testing 
phase includes both fatigue testing during irradiation at 30"R and fatigue testing 
following irradiation at 30"R to 1017 nvt 
(E>0.5 MeV) at temperatures between 30"R and room 
(E>0.5 MeV) at 30"R fol- 
(E>0.5 Mev). 
Existing test equipment (see section 3) wi l l  be utilized during performance of the 
test program. Most of this equipment has recently undergone maior overhaul and 
modification (ref. 2) in preparation for the nominal 140 hour test period to 
obtain 1018 nvt (E>0.5 MeV) exposures. Maintenance and calibration 
schedules, established during this overhaul effort, should keep the equipment 
operating reliably. 
The tensile testing phase of the test program wi l l  precede the fatigue testing phase 
due to extensive modification of test loops and the hydraulic load control system 
necessary for cyclic loading. A qualification procedure i s  being conducted to 
demonstrate the adequacy of the test equipment for the tensile testing phase of 
the program as well as to give some additional data points. This qualification i s  
required because of the organic seals which are used in  the test loops to isolate 
the static helium refrigerant, under pressure in the head assembly, from the 
cooling water. These seals have operated satisfactorily to 1017 nvt (E>0.5 MeV) 
irradiations but there was not assurance that they w i l l  retain their sealing character- 
istics after irradiations to 1018 nvt. Tests to 3 x 1017 nvt and 6 x 1017 nvt at 
30"R have been performed before undertaking the experiments which require 1018nvt. 
As i n  the screening program (ref. l ) ,  standard test specimens cannot be used in  this 
test program due to various restrictions on the test equipment imposed by the nuclear 
cryogenic environment. The tensile specimens to be used represent a miniaturiza- 
tion of the standard ASTM E-8 specimen (ref. 3). Although fatigue specimen 
design i s  not as standardized as tensile specimen design, the miniature fatigue 
specimens used in this program wi l l  represent a departure from any commonly used 
design, but are similar in  geometry to those used by other investigators (ref. 4). 
A newly designed and fabricated gamma shield has been installed in  the Plum Brook 
Reactor HB-2 beam port irradiation facility. This change requires new calibrations 
(see section 4), including neutron flux mapping and temperature correlations. 
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3 TEST EQUIPMENT 
3.1 IDENTIFICATION 
The test equipment for in-pile and out-of-pile testing under controlled tempera- 
ture and load conditions permits the test program to be performed wholly by remote 
operations. Major components of the test equipment and the test operation can be 
readily identified by reference to figure 1. This equipment and i t s  operation, 
described previously (ref. 5), i s  separated into six categories, shown schematically 
i n  figure 2, wiih information pertinent to the design, modification, and performance 
characteristics discussed in the following sections. Test equipment maintenance 
and hazards analyses are discussed separately i n  sections 3.8 and 3.9, respectively. 
3.2 TEST LOOPS 
The test loops are sta..dess steel cylindrical envelopes, six inches OD by about 
nine feet long, containing all necessary equipment for irradiating a test specimen 
at control led temperature conditions and fracturing the specimen, at temperature, 
in  tension or compression without removal from the irradiation field. At the aft end 
of the test loops, fittings are provided to connect the refrigeration system, the 
load control system, and the instrumentation and data recording system. Other 
fittings are provided for test loop cooling using deionized water (which must be 
isolated from the helium refrigerant). 
To perform the test program, five tension-compression test loops are currently being 
used as follows: 
Test loops 201-001 (the prototype loop) and 201-005 -- design 
studies to determine modification requirements 
for low-cycle fatigue testing. (see section 3.2.2) 
Test loop 201-002 -- in hot laboratory area where investigation 
of various methods of repairing the inner helium 
line are currently being evaluated (see section 3.8.2.1) 
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Test loops 201-003 and 201-004 -- used during reporting period 
for performing tensile test program (see section 3.2.1) 
3.2.1 Tensile Test Loops 
A test loop modification for elimination of a nuclear instrumentation seal, previously 
reported (ref, 5), i s  reclassified as maintenance and i s  discussed in  section 3.8.2.1.4. 
During this reporting period, test loop numbers 201-003 and 201-004 were used for 
a total of twenty-eight cycles* in  performing temperature correlation, material 
evaluation, beam port flow evaluation and flux mapping studies. 
Test loop 201-003 (with head assembly 201-01 1) was used for sixteen cycles of opera- 
tion. However, during the ninth cycle of operation the load transducer signal was 
lost and repairs were required (see section 3.8.2.1). 
Test loop 201-004 (with head assembly 201-006) was used for twelve cycles of 
operation. However, after completion of seven operational cycles an erratic sig- 
nal from the LVDT load transducer required inspection and repair efforts (see 
section 3.8 
The requirements for specimen change in  the test loop are met with a removable 
test loop head. This requires the use of seals to isolate the static helium refrigerant, 
under pressure in the head assembly, from the cooling water. Organic seals used 
for this application performed satisfactorily after test specimen exposures to accum- 
ulated fluxes of 3 x 1017, 6 x 1017, and 1 x 1018 nvt (E>0.5 Mev). A few gas 
leaks were encountered upon removal of a test loop from the reactor beam port; 
however, these occurred at lower irradiation levels and appear to be a random 
event rather than a result of radiation damage. The organic seals are therefore 
considered qual i f ied for use in performing the 10’8nvt (E>0.5 MeV) irradiations 
of the test program. 
Very l i t t le  can be said regarding the behavior of these seals as a function of irradia- 
tion in  this application. The seals are made of polyurethane which, of al l  common 
organic seal materials, i s  known to be the most resistant to ionizing radiation. 
Radiation effects are attributed primarily to gamma exposure and depend on factors 
such as compression during irradiation, irradiation temperature and fabrication 
history. 
* For cycle definition, see section 3.8.1. 
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Some density measurements have been made on the test loop seals after gamma 
doses of 2.5 x 108 r (during specimen exposure to 1017 nvt). Although the data 
showed large scatter, there appeared to be a measurable increase in the density 
corresponding to an increase in compression set , Such an increase in  compres- 
sion set would tend to cause leaks in  t h i s  application, particularly i f i t i s  
accompanied by a tendency to brittleness. The seals that were inspected, after 
identical irradiations, showed a large variation in  physical properties (some 
being brittle while others were gummy) although they were identical materials, 
according to the manufacturer. Because of apparent unknown variations in the 
manufacturing process, further measurements are impractical and future efforts 
wi l l  be confined to qualitative observation of seals which fail during testing, 
3.2.2 Fatigue Test Loops 
Low-cycle axial tension-compression fatigue tests are to be performed using 
existing tension-compression test loops. The original specifications to which 
the test loops were constructed required that they be capable of exerting tensile 
or compressive loads, but not both in a cyclic manner. Specimen design and 
alignment features, incorporated in the specimen holders, which differed ap- 
preciably from those already used i n  the tensile tests were planned for the 
compressive tests. Considerable analysis and some modification i s  required 
before reliable tensile-compressive fatigue data can be obtained and the 
existing self-aligning features, suitable only for tensile loading, must be re- 
placed by a more complex arrangement. 
3.2.2.1 Design 
An experimental determination of the alignment of load application, both in  
tension and compression, was initiated using the prototype tensile test loop (201- 
001) without the self-aligning features. During this reporting period, the pre- 
liminary fatigue (tension and compression) testing was changed to test loop 
201-005. The maior components of the test loop under consideration are shown 
i n  figure 3. 
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3.2.2.1.1 Structural Member 
The structural member installed in  the test loop, as shown in  figure 3, i s  the 
assembly which supports the specimen loading actuator and also acts as a 
column directing the loads, which occur during loop insertion into the reactor 
beam port, into the carriage trunnion. The load applied in  the test specimen 
i s  transmitted through the head assembly back through this member to the 
actuator. The load resulting from testing i s  distributed peripherally and trans- 
mitted eccentrically into the member. 
As reported previously (ref. 5), a peripheral displacement occurred in  the 
structural member of test loop 201-001 when loads were applied, and methods 
for modifying test loops to reduce this peripheral displacement were developed. 
During this reporting period, and preliminary to modifying the structural member 
based on the deflections observed (and corrected to some extent in the prototype 
loop), deflection measurements were made on test loop 201-005. It was found 
that the deflections, under various tensile and compressive static loads, up to 
a maximum of 3550 pounds, were less than the deflections observed in  the pro- 
totype loop. After careful checking, i t  was concluded that, due to increased 
stiffness of the structural assembly and probable improved alignment during 
construction, test loop 201 -005 does not require modification of the structural 
member. 
Additional support for this conclusion was obtained from strain gage measurements 
using an especially fabricated 5/16 inch specimen. These measurements gave 
a maximum differential strain between tensile fibers and compressive fibers i n  
bending corresponding to a differential fiber stress of 7000 psi, which i s  well 
within allowable limits. 
3.2.2.1.2 Pull Rod Linkage 
The lost motion in the pull rod linkage of test loop 201-005 was assumed to be 
not significantly greater than the 0.02" measured in  the prototype loop at 3500 
pounds load (ref. 5).  This assumption was based on the fact that the linkages 
are mechanically identical and was confirmed by loading responses on going from 
tension to compression, similar to those with the prototype loop. 
8 
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3.2.2.1.3 Hydraulic Actuator Seals 
As discussed in reference 5, the hydraulic actuator seals are being qualified 
for cyclic operation to 10,OOO cycles. During that reporting period, over 
1400 cycles at  high loads with new seals, were obtained with test loop 201-001 
without indication of failure. No significant additional testing of the seals 
i n  either test loop 201-001 or test loop 201-005 was performed during this re- 
porting period. 
3.2.2.1.4 Specimen Holders 
The existing specimen holders are designed for self-alignment under tensile 
loading, using mating spherical seats. This feature cannot be used in  axial 
tension-compression fatigue testing and therefore new specimen holders are 
required. 
During this reporting period, the design of specimen holders for fatigue testing 
was completed, This design, shown in figure 4, i s  based on the performance 
of prototype holders and iam nuts with matching conical faces for maximum 
specimen alignment and minimum slack due to variations in  thread dimensions. 
The system was designed using the smallest number of parts possible to minimize 
lost motion. This design also meets heat transfer requirements in that heat flow 
through the specimen i s  minimized. 
3.2.2.1.5 Head Assembly Organic Seals For Fatigue Testing 
The test loop head assembly organic seals for fatigue testing w i l l  be the same as 
those discussed i n  section 3.2.1 for tensile testing and wi l l  be subjected to more 
severe dynamic load conditions. Some difficulties are anticipated, particularly 
with irradiation. No difficulties have been experienced so far during the pre- 
liminary cyclic loading discussed in reference 5. However, to date, there has 
been no cyclic loading at low temperatures or in-pile. 
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3.2.2.2 Modification 
After completion of the fatigue test loop modification requirements and detai I 
design (section 3.2.2.1), i t  i s  planned to modify tensile test loop 201-005. 
During this modification, procedures w i l l  be developed for similar modification 
of one of the radioactive tensile test loops. 
3.3 REFRIGERATION SYSTEM 
The test specimen temperature i s  maintained at temperatures between 30"- 
540" Rankine using a gaseous phase helium refrigerator system. This system 
contains an electrically driven positive displacement compressor, counterflow 
heat exchanger and four reciprocating expansion engines. The system was 
specifically designed and fabricated for this application to provide a minimum 
of 1150 watts of refrigeration at 30"R. The system i s  capable of providing refrig- 
eration for maintaining the specimen temperature at any temperature from 30"R 
to 540"R by varying engine speed, expansion engine pressure ratio, and the 
application of heat i n  manually control led electrical resistance heaters installed 
in  the refrigerant distribution manifold. 
During this reporting period the system was operated satisfactorily for 1603.9 
hours . Some difficulty was encountered in operation of the system to provide 
the limited refrigeration required to dissipate gamma heat at or near room temp- 
erature. The engines which were operating at low speed ultimately stalled when 
helium contaminants collected and froze in  the cylinders. The system did pro- 
vide the required refrigeration for a period exceeding six hours. 
It i s  apparent that the operation of the system with the high pressure side of the 
heat exchanger at or near room temperature and the significant reduction of the 
temperature through the engines wi l l  cause deposition of any contaminants, such 
as water, in the engines. 
The elimination of a l l  the moisture in  the helium supply i s  difficult inasmuch as 
any helium make-up in the expansion tank w i l l  tend to cumulatively add to the 
moisture in  the system. In addition, the small quantities of moisture introduced 
when specimen change-over i s  performed w i l l  add to that already in the system. 
During low temperature operation this moisture w i l l  freeze out on the high pressure 
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side heat exchanger surf ace and remain there to be removed by blow down when 
the refrigerator i s  warmed up. 
Various methods of excluding the migration and freeze-out of helium contami- 
nants in the system are currently being explored. 
3.4 LOAD CONTROL SYSTEM 
The existing specimen loading system for tensile testing utilizes a positive dis- 
placement pump with demineralized water as the working f luid to provide the 
pressure required by the hydraulic actuator positioned in  the test loop. Strain 
rate can be controlled through a variable speed drive connected to the pump. 
The load transducer i s  located in the test loop and the extensometer i s  positioned 
directly on the specimen to measure only the strain which occurs between the 
gage marks. 
The pump and recording instrumentation are located i n  appropriate cabinets 
positioned on the grating above the quadrant at the 0'-0" level. 
To perform the low-cyclic fatigue studies this system wi l l  be revised to provide 
a closed loop servo system as shown in figures 5 and 6. This system i s  described 
i n  more detail in reference 5. 
The revised system includes an oi l  operated actuator mechanically coupled to 
another actuator using demineralized water as the working fluid. The latter 
provides the required flow and pressure to the actuator installed in  the test loop. 
The arrangement showing the servo controlled o i l  actuator and water operated 
actuator with associated valves and piping i s  shown in  figure 7. 
Installation design drawings for the system are nearly complete and wi l l  be sub- 
mitted for approval during the next reporting period. 
In addition, major components of the system have been received and system 
modification wil  I proceed subsequent to drawing approval. 
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3.5 TRANSFER SYSTEM 
To permit insertion and withdrawal of the test loops into the reactor pile, during 
reactor operation, a transfer system was designed and installed in  quadrant D 
of the Plum Brook Reactor Facility. In addition, provision to change test 
specimens was incorporated by the installation of a hot cave with an access port 
i n  line with the assigned reactor beam port HB-2, as shown in  figure 1. 
To position the test loop for insertion or withdrawal from either the beam port or 
hot cave the supporting tables which are submerged approximately 20 feet in  
quadrant water, are aligned remotely using hydraulic pressure provided from 
an axial piston pump using demineralized water as a working fluid. After 
positioning, the loop carriage i s  coupled to the access port and the loop i s  in- 
serted or withdrawn by a worm-drive screw arrangement driven by a hydraulic 
motor. 
When the test loop i s  inserted into the beam port, i t  must overcome the reactor 
primary coolant water pressure of approximately 150 psig. 
During the performance of a previous test program, a limitation on the fluid 
pressure to the hydraulic motor of 550 psig was imposed. 
During this reporting period, the transfer system was used for a total of twenty- 
eight cycles* of test loop insertion and removal. The system performed satis- 
factorily during this operational time. 
Also during this period the beam port gamma shield cooling water throttling 
location was changed from the outlet side of the shield, approximately 150 psig, 
to the inlet side, approximately 135 psig. This reduction in  pressure materially 
reduces the thrust load on the test loop in driving a loop into the beam port and 
therefore allows the test loop drive system pressure to remain at approximately 
550 psig while s t i l l  maintaining a reasonable maintenance period on the test 
loop drive carriages. 
3.6 SPECIMEN CHANGE EQUIPMENT 
Due to the high activity level of the test loops after several in-pile exposures, 
remote handling techniques are required for changing specimens. The hot cave 
* For cycle definition, see section 3.8.1. 
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that was instal led was provided with manipulators, support fixtures and special 
tools to permit change-over of the specimen. In addition, minor repairs on the 
forward end of the test loop have been performed in t h i s  hot cave. 
During this reporting period, the specimen change equipment was used for instal- 
lation and removal of seventeen test specimens and seven foil packages. N o  
specimen change equipment difficulties were encountered . 
3.7 MISCELLANEOUS TEST EQUIPMENT 
During this reporting period, two test loops were transferred to the hot laboratory 
work area for repair. After completing repair the loops were returned to the 
reactor containment vessel and positioned in quadrant D for use in  the test pro- 
gram. The test loop transfers, using the test loop transfer cask and associated 
equipment, were performed in accordance with procedures previously described 
in reference 5. 
3.8 TEST EQUIPMENT MAINTENANCE AND CALIBRATION 
During this report period, the maintenance and calibration program previously 
developed by a reliability analysis was used to provide a scheduled equipment 
maintenance program. Forms for recording the operational history of the equip- 
ment were used together with maintenance logs to record the use and maintenance 
performed during test operations. 
The proposed maintenance schedules were adhered to, inasmuch as possible, to 
perform routine inspection and repair. The repairs associated with any component 
or system malfunction were performed, time permitting, and the cause and nature 
of repair recorded in the maintenance log. Other repair activities which could 
not be completed during this reporting period are continuing as studies to provide 
definitive methods or techniques to effect repair, and wi I I require substantial 
effort to complete. 
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3.8.1 Maintenance and Calibration Schedule 
The projected maintenance schedules for the test equipment and refrigerator sys- 
tem are shown in figures 8 and 9. The schedules define the major sub-systems 
associated with the test equipment and the components contained therein that 
require periodic scheduled inspection, adjustment, repair and overhaul. To 
provide a common criteria for maintaining records of the use and performance 
of scheduled maintenance on the equipment, a use cycle was conceived and 
a l l  the operational forms were altered to permit conformance with this cycle. 
The cycle i s  as follows: 
Insertion into hot cave for specimen instal lation. 
Removal from hot cave after specimen instal lation. 
insertion into reactor beam port for test irradiation. 
. Withdrawal from beam port after completing test, and 
positioning the loop for insertion into the hot cave for 
specimen change-over . 
Normal operation of a l l  the test equipment listed in  figure 8 w i l l  follow this cycle. 
In addition, th is  equipment w i l l  operate submerged in the quadrant water, and 
with the exception of the carriages and test loops, i t  i s  accessible for maintenance 
only when the quadrant i s  drained. 
Deviation from the projected schedules are anticipated because scheduled main- 
tenance w i l l  only be performed coincident with quadrant draining. 
The projected refrigerator maintenance schedule (figure 9) i s  related to the hours 
of operation which are recorded cumulatively on a time meter which operates when 
the expansion engines are operating. The maintenance performed i s  recorded in a 
refrigerator maintenance log. Total operating time i s  also maintained by recording 
start-up and shut-down time on the refrigerator operation forms. 
The transfer system cycle form shown in  figure 10 i s  typical of the equipment opera- 
tion check lists that are maintained. They provide a combined check l i s t  and 
operational history compatible with the scheduled maintenance program. The data 
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on these forms i s  incorporated into a summary log, which, in turn, permits the 
scheduling of maintenance requirements during reactor down periods. 
3-8.1.1 Test Loop Scheduled Maintenance 
To conform with the projected test loop maintenance schedule, shown in figure 
8, a form providing the required operating history i s  completed each time the 
loop i s  used for performance of a test. The form includes al l  activities necessary 
to complete an operational cycle, and the cumulative cycles of operation for 
the test loop. This information i s  then used to establish when scheduled main- 
tenance i s  required. Any maintenance performed, scheduled or the result of a 
malfunction, was recorded in  a maintenance log. A summary of these records 
indicating when scheduled maintenance was performed versus the total operating 
cycles to date i s  shown in figures 11 and 12, 
During this reporting period, malfunctions occurred in test loops 201-003 (at 
nine cycles) and 201-004 (at seven cycles) which necessitated repairs (see 
section 3.8.2.1). Scheduled maintenance was performed simultaneously with 
the repairs for these test loops. 
3.8.1.2 Refrigeration System Scheduled Maintenance 
The refrigeration system has operated for a total of 1753.0 hours (1603.9 hours 
during this reporting period) since the system was overhauled. Scheduled main- 
tenance was performed in conformance with the projected maintenance schedule 
shown in  figure 9, as much as practicable. The total operating time during a 
reactor test cycle approaches 570 hours rather than the 500 hours which was used 
in establishing the maintenance schedule; therefore, the time between the main- 
tenance periods has been extended so as not to interrupt the test program. 
A summary of the total operating time of each engine and an indication of the type 
of  maintenance performed i s  shown in figures 13, 14 and 15. 
The relatively short periods of operation between maintenance at the beginning of 
the summary was the result of freeze-out of helium contaminants in  the engines 
during operation at higher temperatures. 
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When the engines were cleaned, each was disassembled, requiring the instal la- 
tion of both 0 rings and valve body gaskets. Each time this was performed, 
this scheduled maintenance requirement was considered fulf i l  led and a new 
period initiated. 
The piston rods, which should normally be replaced at 1000 hours were removed 
and carefully inspected for indications of incipient failure and reinstalled when 
no such indications were observed. The decision to reinstal I the piston rods 
and obtain additional service data was reasonable, considering that modifica- 
tions to improve alignment and double aging to enhance the mechanical proper- 
ties had been incorporated during overhaul. 
The compressor and vacuum system used in the refrigerator are essentially indus- 
trial equipment designed for continuous operation with minimum maintenance. 
The history of the performance of these systems has verified this; therefore, no 
specific maintenance schedule has been developed and the manufacturer's 
recommendations have been adhered to. 
3.8.1.3 Hydraulic Panel Scheduled Maintenance 
The history of malfunctions and repair of the hydraulic panel was not maintained 
in  a form that would permit development of a time or cycle dependent maintenance 
schedule. In addition, the malfunctions recorded appeared to be of a random 
nature implying that scheduled requirements could not be logically developed. 
Failure in  this system has not precluded performance of any scheduled test and 
repairs were made during operation. 
The accessibility of this equipment for repair and the availability ofredundant 
equipment indicated that the operation or maintenance of the system would not 
prevent continued test operation and no scheduled maintenance program was 
developed. 
3.8.1.4 Carriage Schedul ed Maintenance 
The inspection and maintenance of the test loop carriages was performed as indi- 
cated in  figure 16. No repairs were required during this reporting period. 
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3.8.1.5 Transfer Table Scheduled Maintenance 
A summary of the scheduled maintenance of the transfer tables as projected in 
figure 9 i s  shown in figure 17. During this reporting period, inspection and 
adiustments were made but no repairs were required. 
3.8.1.6 Access Valve Routine Maintenance 
Operational logs established for conformance with routine maintenance sched- 
ules (figure 9)  for the beam port and hot cave access valve equipment are shown 
in figure 18. During this reporting period, routine inspections were made, but 
no repairs were required. 
3.8.2 Repairs And Adjustments 
During this reporting period, a number of repairs and adiustments were required 
for the test equipment. Some of these repair efforts were a continuation of effort 
previously reported (ref. 1) and some were required due to equipment malfunction 
during performance of the test program. 
3.8.2.1 Test Loop Repairs 
At the beginning of t h i s  reporting period, test loop required repair was in progress 
for test loops 201-002 and 201-003 and the three irradiated head assemblies 201- 
007, 201-008, and 201-010. During the reporting period, additional repairs were 
required on test loops 201-003 and 201-004. These problems are discussed in the 
following sections. 
3.8.2.1.1 Test Loop 201-002 
As previously reported (ref. 5), leakage in one of the helium refrigerant lines was 
evident in loop 201-002. The leak, as located, apparently exists in the aft welded 
17 
weld joint of an expansion bellows incorporated in  the inner tube of the double 
walled helium refrigerant line. During this reporting period, a suitable method 
of repairing the leakage was sought. 
The use of a silicone sealant was tried using a test fixture with an intentional 
leak. The leak was not sealed i n  the test fixture, when evacuated, so the appli- 
cation of a sealant was not considered suitable. 
The possibility of cutting a window into the outer shell of the test loop, as well 
as the outer line, i s  now being studied. For such a method to be feasible, the 
leak would necessarily need to be isolated and in  such a location that the other 
transfer line would not interfere with repair efforts. To date, the leak has not 
been isolated to the extent required to provide assurance of an effective repair. 
3.8.2.1.2 Test loop 201-003 
As reported previously (ref. 5), test loop 201 -003 i s  known to have minute leaks 
in  the actuating rod bellows assembly. This leakage has not prevented the use 
of this test loop for in-pile testing and repairs w i l l  not be undertaken until the 
leakage prevents accompl ishment of test program objectives. 
During this reporting period, the loss of the load transducer signal was observed 
in  loop 201-003 during the ninth cycle of operation. The test loop was removed 
from the quadrant and transported to the hot laboratory work area to determine 
the cause of the malfunctions and to effect the necessary repair. 
The malfunction indicated that water had entered the system and attenuated the 
signal which caused the failure. Upon inspection, it was noted that the extens- 
ometer feed-through connectors were leaking. New feed-through connectors 
were installed and the integrity established by leak testing with a mass spectrom- 
eter helium leak detector. 
This test loop was then returned to the containment vessel and repositioned in  the 
quadrant for use i n  subsequent testing. 
3.8.2.1.3 Test Loop 201-004 
After completion of seven operational cycles during this reporting period and while 
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using test loop 201-004 to perform a tensile test, an erratic signal was observed 
indicating the possibility of a loose coil in  the LVDT load transducer. 
This test loop was removed from the quadrant and transported to the hot laboratory 
work area where the load transducer was removed and checked for faulty opera- 
tion. None was observed. 
Additional checking then indicated an intermittent type fault in the dynamometer 
lead line in the test loop which i s  a similar indication to that caused by a loose 
coil i n  the LVDT. The line was repaired, the dynamometer replaced with a cali- 
brated unit and the test loop reassembled. 
The loop was then returned to the containment vessel and placed i n  the quadrant 
for use in  the next scheduled test cycle. 
3.8.2.1.4 Test Loop Head Assemblies 
At the beginning of this reporting period test loop head assemblies 201-007, 201- 
008, and 201-010 were not usable due to leaks which had developed (ref. 5). 
Studies were underway to determine methods for repairing the leaks. 
During this reporting period, test loop head assembly 201-010 was shipped to 
Lockheed-Georgia Company Nuclear Laboratories i n  Dawsonvil le, Georgia, for 
repair of the hole in the nuclear instrumentation tube. The hole was welded, but 
subsequent leak checking with water indicated a gross internal leak apparently at 
a connection between the nuclear instrumentation tube and the head assembly. 
This was probably caused by the welding in  the nuclear instrumentation tube. The 
blank-off cup weld (ref. 5) appeared to be successful, however. 
The indicated leaks did not warrant further efforts to repair the 201-010 head 
assembly and it was sectioned just forward and just aft of the bellows assembly 
in order to examine the bellows for a possible visual cause of failure as occurred 
i n  head assemblies 201-007 and 201-008. Visual examination of the 201-010 
bel lows showed some evidence of oxidation at  several locations. 
' 
The cask containing the head assembly sections was returned to Plum Brook. The 
indicated corrosion occurring in  the test loop head assembly indicates that further 
repair work on head assemblies 201-007 and 201-008 i s  not warranted. 
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3.8.2.2 Refrigeration System Repairs 
As discussed previously in reference 5 ,  the evacuated thermal insulating space 
in  one set of flexible helium transfer lines was known to be leaking. The loss 
of the vacuum surrounding the inner line caused a heat leak into the lines far 
exceeding the permissible rate and also reduced the available refrigeration to 
a level where a test specimen temperature of 30°R could not be maintained in  
the test loop. 
The transfer lines terminate in  a thermally isolated enclosure containing refrig- 
erant shut-off and by-pass valves normally used to isolate the test loop from 
the refrigerant stream and to permit circulation of the refrigerant in  the transfer 
lines to maintain them at low temperature during specimen change-over . These 
valves, in all three transfer line assemblies, have frequently malfunctioned or 
leaked so severely that they cannot be used for their intended application, thus 
requiring the utilization of manually operated valves i n  the manifold to isolate 
the test loops. 
During this reporting period, a leak developed in  the flexible line of another 
transfer line assembly at which t ime the manufacturer was contacted and arrange- 
ments were made for the repair and modification of the assemblies. 
One assembly has been shipped to and received by the manufacturer. Repair 
and modification has been initiated with an anticipated completion date early 
in  the next reporting period. 
Inspection by the manufacturer of the first set of lines indicated that the valves 
may have been misaligned. The design i s  being changed to incorporate soft seats 
in  the valves and also to allow the seats to be replaced without cutting or welding 
the valve chest assembly. 
The extent and nature of the leaks in  the transfer line vacuum space has not been 
repaired by the manufacturer. 
The next assembly w i l l  be shipped to the manufacturer after the return of the init ial 
assembly. The last assembly w i l l  be shipped after the return of the second assembly. 
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3.8.3 Corrosion of Test Equipment 
A number of problems which came to light during the previous reporting period 
were attributed to corrosion (ref. 5). During this reporting period, additional 
evidence of corrosion was observed in the bellows of test loop head assembly 
201-010 (see section 3.8.2.1.4). This problem i s  under study and corrective 
steps wi l l  be taken to alleviate the effect. 
As discussed in  detail in reference 5, the welded stainless steel actuator bellows 
assemblies which separate helium from cooling water in  the test loops have ex- 
hibited serious corrosion at the welded peripheral seams. To alleviate this prob- 
lem, the welded bellows i n  the test loops wi l l  be replaced by two sections of 
two-ply hydraulically formed bel lows, welded end-to-end and welded to suitable 
adapters at the ends. The end-to-end welding i s  required because the section 
lengths are limited by the forming technique. The spring rate of the new bellows 
assembly i s  about 22 Ib/in. 
The first replacement i s  being made in the prototype loop to determine the best 
instal lation procedures before replacement of the bel lows in  the other loops. 
Following completion of this installation, the next replacement wi l l  be in  test 
loop 201-005 which has not been irradiated so that assembly procedures can be 
perfected before working on an irradiated loop. 
3.9 EXPERIMENT DESIGN MANUAL AND HAZARDS ANALYSIS 
The changes in the Design Manual and Hazards Analysis required by the inclusion 
of cyclic tensile and compressive loading of the test specimen, previously dis- 
cussed (ref. 5), were continued during this reporting period. These changes 
consist of design and operational modifications; fatigue testing wi l  I not increase 
operational hazard or compromise reactor safety. The revision of the Manual to 
include fatigue work shall be completed during the next reporting period. 
As noted i n  reference 5, the possible hazard due to a sudden release of refrig- 
erant gas was increased by the addition of in-pile operation at temperatures above 
30°R. The init ial Plum Brook Reactor Facility Safeguards Committee approval 
for insertion of the experiment into HB-2 was predicated on the assumption that 
the activation of the refrigerant was not a hazard since a l l  gaseous impurities in 
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the helium would be frozen out of the system at a heat exchanger located upstream 
from the expansion engines and test loop. Thus, during operations at 30°R, refrig- 
erant contaminants would not enter the high flux zone of the experiment for acti- 
vation. 
The inclusion of irradiation exposures at 140°R, 320"R and 540"R in the test program 
wil  I permit circulation of refrigerant contaminants through the activation zone. 
Since the refrigerant gas circulates through a compressor cycle located outside the 
controlled area of the containment vessel and since the system i s  protected with 
relief valves and rupture discs which allow refrigerant gas release, an activation 
analysis of the refrigerant composition with a maximum impurity content was pre- 
pared. This was done to insure that no hazard to personnel exists, either inside 
or outside the containment vessel, in the event of the maximum credible incident. 
3.9.1 Activation of Gases 
The helium, as supplied, contains certain elemental H2, Ne, N2, Ozf and Ar; 
and C in  the form of mixed oxides. The total weight fraction of impurity content 
i s  approximately 1.4 x 10-4. The system also contains some air (%3.5 CC) entrapped 
at startup, although this i s  minimized by the system f i l l  procedure. The total mass 
of entrapped air i n  the high flux zone i s ~ 4 . 5  x 10-6 gms. 
Since a part of the system i s  exposed to air by removal of the head assembly for 
each specimen change, consideration also needs to be given to this source of im- 
purities in  the helium stream. With the pump-down procedure used and with 144 
specimen changes at intervals of fifteen hours, the total amount of air introduced 
i s  1.7 x 10-6 cc, or approximately 2 x 10-9 gms. Thus, this source i s  negligible 
when compared with that introduced at system start-up. 
The induced radioactivities depend only on the volume of the high flux zone (45 
cubic inches), the gas density (from 0.038 Ib/ft3 at 540"R to 0.670 Ib/ft3 at 30°R), 
and the total system irradiation time between helium changes (60 days in-pile 
during a complete helium change every 90 days). 
The maximum activity generated in the refri erant gas i s  tritium, resulting from 
from Ar40 (n, X ) Ari7 reactions are also produced in significant quantities. A l l  
nuclear reactions, (n,oC), (n, %), (n, p ) and (n, 2n) were considered for each 
isotope possibly present in the refrigerant, and those above were the only signif- 
icant contributors to possible activity in the test loop. 
the H2 (n, 'd ) H3 (n ) H3 reactions. Ne  23 from Ne22 (n, 'd ) Ne23 and Ar41 
22 
The activation calculations were based on the equation: 
When N ( t )  = number of atoms of the radioisotope as a function 
of irradiation time, t.  
n = number of parent atoms i n  high flux region. 
+ = reactor flux 
2 cross section for given reaction in cm = 
= radioisotope decay constant 
The  maximum disintegration rates for the product radioisotopes from the significant 
reactions, together with the isotope half-life are given below: 
I so tope T1/2 
H3 12.26 y 
Ar41 1.83 h 
Ne23 38.00 s 
dis/sec 
3.40 (+7) * 
7.85 (+4) 
6.60 (+3) 
These activities were calculated on the basis of helium density a t  140°R, the  case 
in  this test program providing the greatest mass flow and, therefore, the maximum 
exposure of parent isotopes to a high neutron flux. 
3.9.2 Analysis of Hazards Due to  Gas Activation 
On the  basis of the activation analysis briefly discussed in  section 3.9.1 , no apprec- 
iable hazard is presented by activation of gaseous impurities in the refrigerant. 
* Numbers in parenthesis indicate power of 10. 
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The activity level of each of the significant isotopes i s  given below: 
Isotope Total Activity Activity Diluted MPC* , p c/cm3 
In System,pc To 8800 ft3, pc/cm3 Control led Uncontrolled 
Area Area 
H3 9.43 (+2) 3.49 (- 6) 2.0 (-3) 4.0 (- 5 )  
Ar41 2.12 ( 0) 8.50 (- 9) 2.0 (-6) 4.0 (- 8) 
N e23 1.78 ( - 1 )  7.15 (-10) 3.0 (-9) 1.0 (-10) 
The activity i s  shown with the entire isotopic content in the system diluted to 
8800 ft3 since this represents the most severe credible gas release accident; instan- 
tanious release of all the refrigerant in this relatively smal I volume, approximately 
that of the compressor building . 
4 
1 
I 
I 
8 
I 
Release of these radioactive gases to uncontrolled areas should present no hazard 
since under the worst conditions only one isotope has a concentration exceeding 
the uncontrolled MPC" while a l l  the gas i s  s t i l l  i n  the compressor building. A 
dilution factor of only 7.15 (dictated by Ne23) i s  required by the time the radio- 
activity reaches an uncontrolled area to reach a level below the MPC. It should 
be noted that the activities are calculated without regard to the decay during 
circulation in  the system or during release. The Ne23 has less than a forty second 
half l i fe so that, in only a few minutes, it would decay to less than the uncon- 
trolled area MPC. The system circulation period i s  several minutes. 
Build-up of radioactivity through component leakage w i l l  not cause a hazard. The 
maximum allowable gaseous release from the compressor building i s  about lHc/min. 
The maximum activity generated i n  the refrigeration system i s  943pc of tritium. 
If this level of activity i s  present i n  the loop and since the normal system leakage 
into the compressor building i s  4 ft3/hr, then the activity release rate w i l l  be less 
1 
8 
I 
1 
t 
I 
8 
1 
I 
than O. l~c/min:  
X 1 hr = 0 . 0 4 p .  4 ft3/hr 
1566 ft3 60 min min 
943pc x 
Since tritium has a long half l i fe, i t s  build-up in  the loop i s  proportional to the opera- 
ting time and the activity wi l l  not reach 943pc until near the end of the ninety day 
irradiation period. 
*MPC - Maximum Permissible Concentration 
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Radiation exposure to personnel working near piping and equipment components 
containing helium and radioactive impurities presents no problem. The maximum 
dose rate that i s  tolerated for these conditions is 5 mr/hr. Using the approximate 
relationship that the dose rate at one foot i s  equal to six times the number of 
curies times the gamma energy in MeV, a curie value of 8 0 0 ~ ~  i s  obtained for 
a dose rate of 5 mr/hr at one foot from a 1 Mev gamma emitter. This i s  a factor 
of over 100 higher than the highest gamma activity (Ar41) ever present in the 
loop. 
For operation at temperatures above 140°R, the calculated activities would be 
reduced in the same proportion that the helium density i s  reduced, as by a factor 
of 0.27 at M O R .  At temperatures below 1 4 0 O R  the calculated activities would 
be increased but never by more than a factor of 4.79 (at 30OR). Inspection of 
the calculations shows that with this increase only the Ne23 and the Ar41 would 
be above the uncontrolled MPC, but argon i s  frozen out i n  the system before 
reaching the high flux region at a l l  temperatures betow 140°R, and neon freezes 
out below 4 4 O R .  At temperatures just above M O R ,  the Ne23 in  the compressor 
building would s t i l l  require a dilution factor of less than thirty-five before 
reaching an uncontrolled area. Considering the short half life, the time required 
for release and the time required to reach an uncontrolled area, i t  i s  concluded 
that no hazard from induced gaseous activities at  any possible operating tempera- 
ture wi l l  exist. 
These conclusions were included in the Experiment Design Manual and Hazards 
Analysis. This document was approved by the Plum Brook Reactor Facility Safe- 
guards Committee and the experiment has been approved for operation at a l l  
temperatures up to M O R .  
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4 TEST PROCEDURES 
The test procedures discussed i n  the following sections are required for the acqui- 
sition of data under the carefully controlled test program environmental conditions 
and the reduction, analyses and interpretation of the data thus generated. Brief 
discussions of test specimen designs, flux mapping, tensile test methods, fatigue 
test methods, and post-exposure structural studies follow. 
4.1 TEST SPECIMEN DESIGN AND FABRICATION 
The test specimens used in this program are miniaturized due to various restrictions 
on the test equipment imposed by the nuclear cryogenic environment. Two speci- 
men designs, one for the tensile test program and one for the fatigue test program, 
are required. The configuration of these test specimens i s  shown in figures 19 and 
20. 
4.1.1 Tensile Specimens 
The tensile specimen shown in  figure 19 and discussed in detail in reference 5, 
represents a miniaturization of the standard ASTM E-8 specimen (ref. 3). It i s  
essentially a cylindrical tensile coupon 
threaded ends. The specimen gage length i s  0.5 inch with a nominal diameter of 
0.125 inch at the mid-point in the gage length, which conforms to the standard 
4:l gage length to diameter ratio. There i s  a s l i g h t  taper to the mid-point of the 
gage length to insure fracture in that area. 
two inches overall length, with 
Sufficient tensile test specimens have been fabricated for the current tensile testing 
requirements of this program with the exception of the annealing studies (section 
5.1.1) added to the test program during this reporting period. The additional speci- 
mens needed are in  the process of being fabricated. 
4.1.2 Fatigue Specimens 
Fatigue specimen design i s  not as standardized as tensile specimen design and the 
I 
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fatigue specimens to be used in  this program wi l l  represent a departure from any 
commonly used design. However, the specimen geometric configuration i s  similar 
to that used by other investigators, such as Coffin (ref. 4). This w i l l  allow some 
degree of comparison between this data and data from other laboratories. During 
the previous reporting period (ref. 5), a preliminary specimen design was formalized 
and both analytical and experimental evaluations were initiated. The specimen 
design under investigation i s  shown in  figure 20. 
During this reporting period, low-cycle fatigue testing (using the preliminary con- 
trol system described in  reference 5 )  was conducted on several specimens of 18 Ni 
300 Maraging Steel. Specimens were subjected to cyclic loading up to a maximum 
of 3300 pounds (approximately 270 ksi) alternately in  tension and compression. 
The results are encouraging in  that the failures (all in  the tension half-cycle) occur 
after the approximate number of cycles expected based on the maximum load as a 
percentage of ultimate strength (-9Ph). N o  bending of the specimens has been 
observed even when the controls failed to stop the cycling and the specimen was 
joined and compressed to a high load after failure. One failed specimen (shown 
in  figure 21) has been submitted to the NASA Plum Brook Hot and Metallurgical 
Laboratories Section for photographs and electron microscopy studies. 
Thirty additional specimens, fifteen each of Aluminum 1100-0 and 18 Ni 300, aged, 
Maraging Steel, have been ordered from an outside manufacturer of test specimens 
for use in  tests of fatigue test loop modification and procedures development. The 
Aluminum 1100-0, a commercially pure aluminum in  the annealed condition, was 
selected as typical of the lowest strength materials ( F t y p t u  ratio less than 0.5) 
l ikely to be encountered in any fatigue testing program. The 18 Ni 300 Maraging 
Steel, i n  the aged condition, was selected since the mechanical properties of this 
material at room temperature approximate those of the high strength titanium alloys 
at 30'R. 
4.2 FLUX MAPPING 
Accurate knowledge of the fast flux available in HB-2, both spectral shape and 
level, i s  necessary to determine the irradiation exposure required to provide the 
desired integrated flux for each specimen. 
During this reporting period, flux mapping (required by a new gamma shield in the 
HB-2 beam port) was completed, except for measurements of flux distribution within 
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the test loop head. The foil data has been reduced and results have been compared 
with similar data obtained in a previous test program (ref. 1) using this reactor 
facility and test equipment. 
4.2.1 Foil Measurements 
Seven foil runs were made to determine the flux and energy spectrum as a function 
of reactor control rod bank position. The foils used are listed i n  table 1. The range 
of threshold energies i s  0.45 Mev to 8.6 MeV, with appropriate cross sections as 
listed. In addition, cobalt and cadmium covered cobalt were included to determine 
ratios of thermal flux to fast flux to complement the spectral data obtainable from 
the other foils. 
The results of the seven foil runs are plotted in the lower portion of figure 22 as 
flux > ET versus ET (where ET i s  the threshold energy defined in  table 1). The 
following assumptions were made before drawing the spectral plots through the avail- 
able data points: 
The uranium and neptunium results as obtained (by 
radiochemistry rather than by direct counting) are not 
particularly reliable. 
The results from the indium foils are somewhat in  doubt 
because of limited experience and knowledge of this 
monitor and the likelihood of errors due to cadmium 
oxide contamination. (The value from this foil for run 
seven i s  off the scale shown.) 
The shape of the spectra should be nearly consistent; 
that is, independent of reactor power level or control 
rod position; but the low energy fluxes are more depend- 
ent on control rod position than the higher energy fluxes. 
Results from magnesium are consistently high due appar- 
ently to uncertainty in the cross section value which was 
used. 
29 
. 
(5) Based on a large amount of unpublished flux mapping data 
obtained by NASA, Plum Brook, sulphur i s  the most 
consistent and reliable of the monitors used. 
are drawn through the sulphur data points.) 
(All plots 
The upper termination of each plot of flux versus ET represents a data point for 
flux > 0.5 Mev per watt of reactor power versus rod position. 
4.2.2 Comparison of New Measurements With Previous Measurements 
The new measurements were made following installation of a new gamma shield in 
the HB-2 beam port. For comparative analysis of specimen test data previously 
obtained (ref. 1) and data to be obtained, i t  i s  necessary to establish an equiv- 
alent flux to be used for new data. The new shield introduced compositional 
differences in the attenuating media (the shield) as well as a different specimen 
position relative to the reactor core. 
The mapping technique used for new measurements was the same as used previously 
with the exception that indium foils were used in  place of previously used thorium 
foils. Also the new results for fission foils are based on chemical separation before 
counting, a different technique than used previously. 
The upper portion (curve) of figure 22 shows the results obtained from the program 
and indicates that the flux>0.5 Mev per watt of reactor power varies from about 
2 x 104 nvt with the control rod at seventeen inches (early in  the reactor cycle) 
to about 4 x 104 nvt with the control rod at thirty-one inches (late in  the reactor 
cycle) with a well pronounced knee in the plot at about nineteen inches. 
The new flux mapping data show only a minor difference, i f  any, between the new 
data and that from flux mapping in  the earlier program. Any new plot showing 
monotonicly increasing flux versus rod position through the 0.5 Mev points indi- 
cated (by plus signs) would fall within plus or minus fifteen percent of the old plot. 
This i s  the range generally required to include ninety-five percent of al l  measure- 
ments that would be made by the best flux mapping techniques i n  a particular 
facility and location. Therefore, i t  cannot be concluded that there i s  a real dif- 
ference. 
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The plot of flux>0.5 Mev per watt of reactor power versus control rod position, 
as shown i n  the upper part of figure 22, wi l l  be used to calculate exposure times 
for the current test program. N o  additional foil measurements w i l l  be made with 
the exception of intended measurements of flux distribution within the test loop 
head, unless changes in lattice configuration, fuel loading or experiment loca- 
tion indicate the possibility of significant shift i n  flux level or spectral shape. 
The results of the new mapping indicate that the calculated fluxes for specimens 
irradiated are possibly somewhat low at the low rod positions and high at the 
high rod positions. The test results w i l l  be carefully analyzed as the program 
proceeds for any apparent correlation between differences in test values for 
particular materials, test conditions, and the control rod position. Sufficient 
mechanical property data has been accumulated so that variations in these 
properties at a particular test condition are possibly a better indication of error 
in calculated fluxes than actual flux measurements. 
The results from the cobalt and cadmium covered cobalt indicate that the ratio 
of thermal flux to fast flux (>0.5 MeV) i s  approximately the same as before 
(0.33). 
Gamma flux has not been measured, but indications (based on heat balances) 
are that i t  has increased by a factor of 1.5 to 2.0 with the new gamma shield, 
so that it i s  now about 0.2 per gram at the specimen location. 
4.3 TENSILE TEST METHODS 
Tensile testing requires the measurement and recording of several data for post- 
testing evaluation. These data include: 
. Measurement and recording of the load on the 
specimen continuously from the init ial application 
unti I specimen failure. 
Measurement and recording of the elongation of the 
specimen continuously from init ial application of the 
load until a point after the total elongation represents 
more than 0.2 % permanent strain. 
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. Measurement of specimen temperature throughout 
irradiation and testing. 
. Measurement of elongation (a measure of total 
permanent strain ) and reduction of area (a measure 
of non-uniform strain ) on failed specimens as a 
post-irradiation examination. 
The test methods required to provide accurate records of these parameters have 
been discussed in  some detail in  a previous report (ref. 5) .  A brief summary of 
these methods w i l l  be included in  the following section, with a more detailed dis- 
cussion of the specimen temperature control development work conducted during 
this reporting period. 
4.3.1 Load-Strain Measurement and Recording, Data Reduction, Ductility 
Measurements 
Load measurements are monitored with a ring type dynamometer, using a linear 
variable differential transformer (LVDT) to measure the ring deflection resulting 
from the applied load. Elongation i s  measured using an extensometer in which a 
LVDT measures the incremental separation between two knife edges init ially 0.50 
inch apart on the gage length of the specimen. 
For load-elongation recording , the monitoring instruments convert the load or 
elongation into electrical signals, of which the strength i s  a function of the mag- 
nitude of the measured parameter. The electrical impulse from each of these 
instruments i s  amplified and plotted automatically by an X-Y recorder. Load 
appears as the Y plot, elongation as the X plot and the resultant load-elongation 
and the resultant load-elongation curves are recorded on graph paper as a perm- 
anent record of these test data. The extensometer i s  capable of measuring only 
about 0.010 inch elongation with reliable accuracy. After this l i m i t  of approx- 
imately 2% total strain has been reached, the recorder i s  switched to a load-time 
plot traveling a t  a rate of 0.02 in/sec. 
The load-elongation curve developed during testing on the X-Y recorder and the 
init ial specimen dimensions provide data for the determination of the ultimate 
tensile strength (Ft,) and the tensile yield strength (Fty). The modulus of elas- 
t icity may be approximated from these curves, but an exact determination of this 
value i s  unobtainable due to the method of extensometer installation imposed by 
the necessity of using remote handling techniques. 
Elongation and reduction of area values are obtained by fitting the broken speci- 
mens together and measuring the fractured gage length and minimum diameter by 
means of a micrometer stage and hair line apparatus . .  accurate to O.OOO1 inch. 
These values are reported as the change in magnitude from original specimen di- 
mensions expressed as a percentage of the original value. 
Al l  of these methods conform to the requirements of ASTM Specification E-8 
(ref. 3), with an extensometer installation classification of B-2 under ASTM 
Specification E-87 (ref. 3). 
4.3.2 Specimen Temperature Control 
Test specimen temperature control i s  required for three different test conditions: 
(1) expose and fracture at specified temperature without intervening warm-up, 
(2) expose at 30°R followed by warming to and fracture at higher temperature, 
and (3) expose at 30°R, anneal at  a higher temperature and fracture at 30°R. 
The direct measurement of these temperatures using thermocouples or other 
temperature measuring transducers was not considered practicable when per- 
forming a series of these tests (ref. 1). An alternate method of establishing the 
temperature at the specimen was incorporated into the refrigerator. This involves 
measurement of the temperature at  the manifold inlet and return using platinum 
resistance type thermometers. These temperature measurements together with the 
return manifold sensor temperature establish the operational characteristics of 
the refrigerator permitting the determination of performance parameters which 
are related to the specimen temperature. 
Temperature control conditions (1) and (2) were under investigation at the beginning 
of this reporting period, and partial results were previously reported (ref. 1). 
Temperature control condition (3) was added to the program during this reporting 
period. 
4.3.2.1 Steady-State Temperature Control Condition 
The nearly steady-state temperature control condition i s  defined as that condition 
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for exposing and fracturing the test specimen at a controlled temperature without 
change of temperature between completion of exposure and tensile fracture. Four 
levels of temperature control (30°R, 140°R, 320"R and 540"R) are required in  
the performance of the tensile test program. 
To determine the test specimen temperature during the performance of both in-pile 
and out-of-pi le tests at designated temperatures, the program as previously des- 
cribed (ref. 5) was continued. 
The copper-constantan thermocouple instrumented Ti-6AI-4V specimen was in- 
stalled in the test loop and the temperature of the specimen was established at 
or near the test temperature and the operating parameters of the refrigerator were 
recorded. The latter included expansion engine pressure ratio, engine rpm, heat 
loads, loop inlet temperature, loop return temperature, and the return manifold 
temperature. Multiple runs were made at each test point of both the in-pile and 
out-of-pile tests to corroborate init ial (ref. 5) data. 
The results of these latest runs are shown in  tables 2 and 3 which also indicate 
temperature gradients existing in the specimen. These results reflect the increasing 
A T characteristic between the engine exhaust temperature and return manifold 
sensor temperature, associated with maintaining the specimen at the high test 
temperatures, i.e., 140" and 320"R. They also indicate the effect of the in-pile 
gamma heating of the specimen and material within the thermally isolated enclosure. 
Operational conditions predicated upon the return manifold sensor temperature have 
been developed to expand the operational range in  the higher operating temperatures. 
These provide sufficient latitude to permit single pod operation, thus permitting 
continued operation in  the event of a component failure in one engine pod. 
The tests performed at 540"R provided sufficient data to indicate that the system 
wil  I provide substantially more refrigeration than required for dissipating the gamma 
heat load. However, the progressive change in  expansion engine performance 
caused by accumulation of helium contaminants presented variation in the data ob- 
tained and i t  i s  not shown in  the tables. The wattage applied to the main line heater 
was in  excess of 1000 throughout the test and the AT across the test loop was 35" 
to 40"R and the return manifold temperature was near or at ambient temperature. 
The system operated for over six hours before the accumulation caused engine stop- 
page * 
Various methods of preventing the introduction of these contaminants into the ex- 
pansion engines at the 540"R operature are currently being explored. 
4.3.2.2 Temperature Control For Specimen Warm-up 
Part of the test program requires that the test specimen be maintained at 3O0R 
throughout irradiation, but warmed to 140°R, 320°R or M O O R  prior to fracture. 
The temperature-time relationships must be established for these test conditions. 
The temperature-time relationship associated with specimen warm-up from 30"R 
to 140°R was recorded and the results reduced to provide the temperature-time 
history shown in  figure 23. As indicated, the main heater wattage was increased 
to 2100 watts which exceeded the total refrigerator capacity, causing a time 
dependent temperature rise of the specimen. As the loop was retracted from the 
HB-2 beam port, eliminating the gamma heating, recorded temperature indicated 
a pronounced change in  the loop return temperature, and as the engine rpm and 
main heater wattage were subsequently reduced to approximately the out-of-pile 
refrigeration requirements at 140°R, the temperature stabilized, maintaining the 
specimen at 140OR. A further reduction in  the main heater load was effected to 
accommodate the slowly rising return manifold sensor temperature which ultimately 
would increase the loop inlet and return. 
The latter reduction in heater load was apparently required to stabilize the system 
as the refrigeration resulting from the heat capacity of the system was approaching 
an equilibrium condition. Similar results wi l l  be obtained, as the program pro- 
ceeds, for warm-up from 30"R to 320"R and from 30°R to 540°R and w i l l  be pre- 
sented in  later reports. 
4.3.2.3 Temperature Control For Specimen Cool-Down 
During this reporting period, the test program scope was changed to include iso- 
chronal annealing, i .e., irradiate at 30°R, warm to either 140°R, 320°R, or 
540°R and anneal for one hour, then reduce the test specimen temperature to 30°R 
before fracture. The temperature-time relationships for the cool-down-fol lowing- 
anneal portion wi l l  be established, as the program proceeds, and reported i n  a 
manner similar to that for warm-up described in section 4.3.2.2 above. 
4.4 FATIGUE TEST METHODS 
After modification of test equipment (see sections 3.2.2 and 3.4) and determination 
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of a suitable test specimen (see section 4.1.2), low-cycle fatigue characteristics 
of the selected materials w i l l  be studied. The test procedure w i l l  consist of 
applying a pre-determined stress load at a cyclic rate of 6 cpm for 10,000 cycles 
unless the test i s  interrupted before this point by specimen failure. 
4.5 STRUCTURAL STUDIES 
Structural studies are to be performed with the aid of optical microscopy, electron 
microscopy, and X-ray diffraction. Procedures for these methods are being devel- 
oped in conjunction with NASA Plum Brook Reactor Facility personnel. 
It i s  expected that transmission electron microscopy studies of the failed tensile 
specimens and electron fractographs of the fatigue specimens may be particularly 
valuable although both of these techniques present considerable difficulty, par- 
ticularly in hot cell operations. 
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5 TEST PROGRAM 
The init ial scope of the test program, including the materials to be tested and the 
reasons for their selection, has been previously reporfed (ref. 5). Some modifi- 
cation of the program scope was made during this reporting period. These changes 
reflect the theoretical interest of polycrystal l ine high purity aluminum. Aluminum 
1099-H14 i s  now to be tensile tested at 30°R after exposure at 30°R to lower total 
integrated fluxes, 5 x 1015 nvt (E>0.5 MeV) and 5 x 10'6 nvt (E30.5 Mev). Ad- 
ditional annealing studies, of an isochronal nature wi l l  also be conducted on Alum- 
inum 1099. Since this material i s  of a limited engineering interest, Aluminum 
1099 has been deleted from the fatigue portion of the testing program. The present 
scope of the program shown i n  tables 4 and 5 ,  consists of the following maior items: 
. Effect of  cryogenic-irradiation and annealing on tensile 
properties of pure aluminum (1099 AI). 
. Effect of irradiation at 30"R on tensile properties of titan- 
ium and titanium alloys. 
. Effect of irradiation at 30°R on low-cycle fatigue proper- 
ties of titanium and titanium alloys. 
Effect of cryogenic temperature on tensile properties of 
commercially pure titanium and 7178 aluminum alloy. 
. 
. 
Al l  tests i n  the program are to be performed on specimens fabricated from materials 
manufactured using extraordinary precautions and provided with complete chemical 
and metallurgical pedigrees. A summary of the pedigree information i s  provided in 
tables 6 and 7. 
During this reporting period, a total of seventeen specimens were irradiated during 
reactor cycles 3 9 ,  40P, 41P, 42P and part of 43P. Two specimens were aborted 
(see section 3.2.1) and fifteen were tested from 4 x 1016 nvt to 1 x 1018 nvt 
(E 50.5 Mev). No out-of-pile tensile testing or fatigue testing within the scope 
of this program was performed during this reporting period. 
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5.1 TENSILE TEST RESULTS 
The tensile testing portion of the program involves polycrystalline high purity 
aluminum, Aluminum 1099-H14, and three titanium alloys; Titanium 55A, Tita- 
nium 5Al-2.5 Sn, and Titanium 6AI-4V. During this reporting period, in-pile 
testing was started on Aluminvm 1099 and all the in-pile testing of Titanium 
55A was completed. The resultant test data i s  presented below. N o  out-of-pile 
testing was performed during this reporting period. 
5.1.1 Aluminum 1099-H14 
Tensile tests were performed on this material at 30°R after irradiation to 1 x 1017n.t 
and 3 x 1017 nvt (E>0.5 MeV) at 30°R. The partial test data i s  given in  tables 
8 and 9. 
5.1.2 Titanium AI loys 
Titanium 55A i s  the only titanium alloy tested during this reporting period. How- 
ever, the in-pile tensile testing of this material was completed. The results are 
given in table 10 and figure 24. Figure 25 shows typical load-elongation curves 
for Titanium 55A in the various test conditions. 
5.2 FATIGUE TEST RESULTS 
N o  fatigue test results were obtained during this reporting period. 
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6 CONCLUSIONS 
Complete tensile test results were available for only one material, Titanium 55A. 
This material, essentially una1 loyed elemental titanium, showed a notable depend- 
ence of mechanical properties on irradiation level. The results of these tests are 
reported in  section 5.2 and shown in  tabies 8, 9 and IO and figures 24 and 25. 
This material shows an irradiation level dependent change i n  mechanical properties 
at 30°R to flux levels of at least 1Ol8 nvt (E>0.5 Mev). The strength functions 
show an increase proportional to fast neutron dose accompanied by a similar de- 
crease in ductility functions. However, even at the highest exposure level, 
there i s  adequate ductility for normal engineering applications. 
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TABLE 4 TENSILE TEST PROGRAM (SCOPE) 
Mater i ai  Condition Number E x p o s u r e  Remarks 
Specimens n/cm* Temperature (OR) 
(E 0.5 MeV) Exposure Post-Exposure 
( 1) 
(10) 
( 9) 
1099 AI -H14 3 5 x  1015 30 -- 
1099 AI -H14 3 5 x  1016 30 
1099 AI -H14 3 1 1017 30 -- ( 2)(91 
1099 AI -H14 3 3 x  1017 30 -- 
1099 AI -H14 3 1 1017 140 -- 
1099 AI -H14 3 1 1017 320 -- 
1099 AI 414 3 I 1017 540 -- 
1099 Al -H14 3 0 30 140 ( 3) 
1099 AI -H14 3 1 1017 30 140 ( 4) (10) 
1099 AI -H14 3 0 30 320 ( 3) 
1099 AI -H14 3 i 1017 30 320 ( 4) 
1099 AI -H14 3 0 30 540 ( 3) 
1099 Al -HI4 3 1 1017 30 540 ( 4) 
1099 AI -H14 3 0 30 140 ( 5) 
1099 AI -H14 3 1 1017 30 140 ( 6) 
1099 AI -H14 3 0 30 320 ( 5 )  
1099 AI -H14 3 i 1017 30 320 ( 6) 
1099 AI -H 14 3 0 30 540 ( 5) 
1099 AI -H14 3 1 1017 30 540 ( 6) 
( 7) Ti-55A Annealed 5 0 540 -- 
( 7) T i  -55A Annealed 5 0 140 -- 
( 8) (9) T i  -55A Annealed 3 6 x  1017 30 -- 
( 9) Ti-55A Annealed 3 1 x 1018 30 -- 
( 8) Ti-5AI-2.5 Sn Annealed 3 1 x 1018 30 -- 
( 8) 
(ELI) 
-- 
i n y  IU 7 M 1  A I  -iii4 3 0 i40 -- 
1099 AI -H14 3 0 320 -- 
-- Ti-5AI-2.5 Sn Annealed 3 1 x 1018 30 
(STD) 
Ti  -&AI -4V Annea I ed 3 1 x 1018 30 
3 1 x 1018 30 -- 
7178 AI - T a l  5 0 540 
7178 AI -T65 1 5 0 140 -- ( 7) ( 7) 
-- Ti-6AI-4V Aged 
(1). Data from tests at 30°R and M O R  without irradiation mailable from screening program (Ref. 1)- 
(2). Data from one specimen for this condition available from screening program (Ref. 1). 
(3). Control specimen, to be stabilized at exposure temperature before stabilizing and testing at 
post-exposure temperature. 
(4). To be stabilized at post-exposure temperature before testing at post-exposure temperature. 
(5). Control specimen to be stabilized at exposure and post-exposure temperatures before 
stabilizing and testing at 30OR. 
(6). Temperature to be reduced to and stabilized at 3 0 O R  before testing at 30"R. 
(7). Data from five additional specimens available from screening program (Ref. 1). 
(8). Data from tests at 30°R and WOR without irradiation and at 3O0R with 1 x 1017 n / c J  
irradiation available from screening program (Ref. 1). 
(9). These tests completed at the end of this reporting period. 
(10). These tests partly completed at the end of this reporting period. 
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TABLE 5 -- FATIGUE TEST PROGRAM (SCOPE) 
No. Speci- E x p o s u r e  
Mater io  I mens (Max) Test Type O R  Cpm Location 
T i  -55A 
Ti-55A 
T i  -55A 
Ti-5AI-2.5 Sn (Eli) 
Ti-5AI-2.5 Sn (Eli) 
Ti-5AI-2.5 Sn (Eli) 
Ti-5AI-2.5 Sn (Std) 
Ti-5AI-2.5 Sn (Std) 
Ti-5AI-2.5 Sn (Std) 
Ti-6AI-4V (Ann) 
Ti-6AI-4V (Ann) 
Ti-6AI-4V (Ann) 
Ti-6AI-4V (Aged) 
T i  -6AI -4V ,(Aged) 
Ti-6AI-4V (Aged) 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
Fatigue During Exposure 
540 
30 
30 
540 
30 
30 
540 
30 
30 
540 
30 
30 
540 
30 
30 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
Out -of-pi I e 
Out-of-pi le 
In-pile 
Out-of-pi l e  
Out-of-pi le 
In-pile 
Out-of-pi le 
Out-of-pi l e  
In-pile 
Out-of -pi I e 
Out-of-pile 
ln-pile 
Out-of-pile 
Out-of-pi le 
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ABSTRACT 
This is the second quarterly report for a study of t h e  effects of nuclear radiation 
on materials at cryogenic temperatures. These studies include the effect of: 
(1) 1018 nvt at 3O0R on tensile properties of titanium base alloys; (2) irradia- 
tion temperature (30"R to 5 4 0 O R )  on tensile properties of Aluminum 1099 - H14 
following irradiations up to 3 x 1017 nvt; (3) annealing following irradiation 
at 30°R to 1017 nvt on tensile properties of Aluminum 1099; and (4) irradiation 
at 30°R on axial, low-cycle fatigue properties of titanium base alloys. This 
report describes maintenance of and modifications to existing test equipment, 
required neutron flux mapping and tensile test results from Titanium 55A and 
partial tensile test results f rom Aluminum 1099. 
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ABSTRACT 
This i s  the second quarterly report for a study of the effects of nuclear radiation 
on materials at cryogenic temperatures. These studies include the effect of: 
(1) 1018 nvt at 30°R on tensile properties of titanium base alloys; (2) irradia- 
tion tenpsmture (3Qo!? to 540'R) on tensile properties of Aluminum 1099 - H14 
following irradiations up to 3 x 1017 nvt; (3) annealing following irradiation 
at 30°R to 1017 nvt on tensile properties of Aluminum 1099; and (4) irradiation 
at  30°R on axial, low-cycle fatigue properties of titanium base alloys. This 
report describes maintenance of and modifications to existing test equipment, 
required neutron flux mapping and tensile test results from Titanium 55A and 
partial tensile test results from Aluminum 1099. 
